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ABSTRACT 

We investigate the light variations of 15 Am stars using four years of high-precision 
photometry from the Kepler spacecraft and an additional 14 Am stars from the K2 
Campaign 0 field. We find that most of the Am stars in the Kepler held have light 
curves characteristic of rotational modulation due to star spots. Of the 29 Am stars 
observed, 12 are 6 Scuti variables and one is a 7 Doradus star. One star is an eclipsing 
binary and another was found to be a binary from time-delay measurements. Two Am 
stars show evidence for flares which are unlikely to be due to a cool companion. The 
fact that 10 out of 29 Am stars are rotational variables and that some may even flare 
strongly suggests that Am stars possess significant magnetic Helds. This is contrary 
to the current understanding that the enhanced metallicity in these stars is due to 
diffusion in the absence of a magnetic Held. The fact that so many stars are S Scuti 
variables is also at odds with the prediction of diffusion theory. We suggest that a 
viable alternative is that the metal enhancement could arise from accretion. 
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1 INTRODUCTION 

The Am stars (metallic-lined A stars) are a group of A- and 
early F-type stars in which the Call K line is relatively weak, 
and/or metallic lines relatively strong, compared with the 
spectral type indicated by the Balmer lines. More detailed 
analysis shows that Am stars are characterized by an under¬ 
abundance of Ca (and/or Sc) and/or an over-abundance of 
Fe and the Fe-group elements. The anomalous abundances in 
Am and Ap stars are thought to be a result of the interplay 
between gravitational settling and radiative acceleration of 
different atomic species. As a result, some elements diffuse 
upwards and others settle downwards provided there is little 
mixing. Mixing due to convection or meridional circulation 
due to rotation destroys the natural segregation of elements 
due to diffusion that would otherwise occur. Convection in 
A stars is confined to a very thin sub-surface layer which 
means that the diffusion process should proceed unhindered 
in slowly-rotating A stars. 

The difference between Ap and Am stars is attributed to 
the fact that Ap stars have strong ma gnetic fields, whereas 
Am stars do not. lAuriere et al.l fSoTc]) have confirmed that 
there is at least an order of magnitude difference in mag¬ 
netic field strength between Ap/Bp stars and Am and HgMn 
stars. The presence of a large-scale strong dipole magnetic 
field in Ap stars modifies the diffusion rate in accordance 


with the geometry of the field and is responsible for the 
abundance patches in Ap stars. On the other hand, the weak 
(or perhaps tangled) magnetic fields in Am stars leads to a 
relatively homogeneous abundance distribution across the 
stellar surface. 

Early calculations predict a much larger over- 
abunda nce of heavy e lemen ts in Am stars than actually ob¬ 
served. I Richer et al.l (j2000l l found that it is important to 
consider the diffusion of heavy elements as well as helium. 
As the heavy elements settle, enrichment of the deeper iron 
bump opacity region of the iron-group causes a convective 
zone to develop in that region which mixes with the convec¬ 
tive envelope by overshooting. The result is a dilution of the 
abundance anomalies, leading to abundances more in line 
with what is observed. More recent work shows that it is also 
important to include the destabilizing effect (thermohaline 
instability) caused by t he composition gradient p roduced by 
diffusion (p gradient) (IVauclair fe Theadoll2012) . 

It is thought that stars in binaries with orbital peri¬ 
ods of 2-10 d become Am stars because their rotational ve¬ 
locities, v, have been reduced by tidal interactions below 
v ~ 120 kms _1 , a requirement for diffusion to act. Both Am 
and normal stars occur in binaries with orbital periods be¬ 
tween 10-100 d, but why this is the case is not understood. A 
recent search for eclipsing binaries among Am stars suggests 
that around 60-70 percent of Am stars are spectroscopic 
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binaries llSmallev et al. 20 14). which is consistent with ra¬ 
dial v elocity studies ( Abt fe Levvlll985l : ICarauillat fe Prieurl 
120071') . Clearly, a substantial number of Am stars are proba¬ 
bly single or in wide binaries and it is no longer clear whether 
binarity is a requirement for the Am phenomenon. 

The effect of diffusion on pulsation of Am stars is to 
reduce the width of the instability strip, with the blue edge 
shifting towards the red edge, eventually leading to the dis¬ 
appearance of instability when h elium is sufficiently de pleted 
from the Hell ionization zone (ITurcotte et ali 12000 1. The 
amount of driving is related to the amount of He still present 
in the driving zone. The cooler the star, the deeper the mix¬ 
ing and the greater the He abundance in the driving zone. 
Models therefore predict that Am stars should not pulsate 
unless they are sufficiently cool. More recent calculations 
suggest that rotational mixing is import ant i n maintainin g 
the He abundance in the driving region dTalon et al.ll2006il . 

These ideas can be tested if we can obtain sufficiently 
accurate physical parameters to place pulsating and non¬ 
pulsat ing Am stars in the H-R diagram. I Smalley et al.l 
(1201 11 studied over 1600 Am stars and found that around 
200 Am stars are pulsating <5 Set and 7 Dor stars. It seems 
that Am stars, in general, seem to pulsate at s omewhat lower 
ampli tudes than normal S Set stars. However. ISmallev et al.l 
(l 201 ll l could find no real difference between the location of 
pulsating Am stars and <5 Set stars in the instability strip, ex¬ 
cept for a slight tendency of pulsating Am stars t o be c ooler 
than normal 5 Set stars. iCatanzaro fc Balonal |2012l l also 
concluded that there is a tendency for pulsating Am stars 
to be cooler than normal <5 Set stars and that the percentage 
of pulsating Am stars is about the same as the percentage of 
5 Set stars i n the instab ilit y strip . Similar conclusions were 
obtained bv lBalona et al.l feOlld l. It is clear that the pre¬ 
diction of diffusion theory regarding pulsation needs to be 
re-examined. The diffusion process, in fact, seems to play 
only a minor role in determining the pulsational stability of 
A and early F st ars. Even Ap stars p ulsate as <5 Set stars at 
low amplitudes dBalona et al.ll2011al l. 

Recent high-precision photometric observations of A 
stars using Kepler have further undermined the general con¬ 
sensus that these stars have stable envelopes where diffusion 
has a strong competitive advantage. It seems tha t about 
2 per c ent of A stars observed by Kepler show flares dBalonal 
120121 . l2014d ~) . It can be easily demonstrated that the flares 
are associated with the A star and not with a presumed 
cool companion. Furthermore, the Kepler data sugg est that 
at lea st 40 percent of A stars are rotational variables dBalonal 
120131') . presumably due to starspots. Since it is generally be¬ 
lieved that Am stars do not have magnetic fields, the inci¬ 
dence of rotational modulation should be absent or small in 
Am stars compared to normal A stars. 

_The previous study of Kepler Am stars dBalona et aid 

l 201 ldf used only data for approximately the first 50 d and 
was mainly aimed at detecting S Set pulsations in these 
stars. The low-amplitude light variations due to rotational 
modulation were suspected but could not be studied. There 
are now four years of almost continuous high-precision pho¬ 
tometry for these stars, making it easier to detect rotational 
modulation. In this paper we investigate rotational modula¬ 
tion in Am stars using Kepler data. Our aim is to establish 
whether the incidence of rotational modulation or other ac¬ 
tivity is lower in Am stars than in normal A stars. The 


answer might explain why there are many slowly-rotating A 
stars which are not Am stars and provide further clues as 
to the nature of the Am phenomenon. 


2 THE DATA 

There are 1 5 known Am stars in the Kepler field 
dBalona et alJEoilc l. We also include 14 Am stars observed 
by the Kepler K2 Campaign 0 mission. These data are far 
less favourable to detecting rotational modulation because 
only about 45 d of data are available and the photometric 
precision is severely compromised by the telescope motion. 
However, The K2 data are useful in detecting 5 Set pulsa¬ 
tions in these stars. 

For the vast majority of stars, Kepler photometry is 
available only in long-cadence (LC) mode which consist of 
practically uninterrupted 30-min exposures covering a time 
span of over three years. For a few thousand stars, includ¬ 
ing all the Am stars discussed here, short-cadence (SC) 1- 
min exposures are also available, but these usually cover 
only one or two months . Chara cterist ics of LC data are de - 
scribed in I Jenkins et aid d 2010 bli while Icilliland et aid d 2010 l ) 
describe the characteristics of SC data. The scienc e pro¬ 
cessing pipeline is described bv ljenkins et al] (1201081 1 . The 
Kepler data are divided into quarters of approximately 90- 
d duration which are numbered Q0, Ql, Q2, etc., Q0 be¬ 
ing the initial 10-d commissioning run. In this study we 
use all available LC data (Q0 - Q17) from JD 2454953 
to JD 2456424 (1471 d). These data are publicly available 
on the Barbara A. Mikulski Archive for Space Telescopes 
(MAST, archive.stsci.edu). 

The light curve files contain simple aperture photome¬ 
try (SAP) values and a more processed version of SAP with 
artifact mitigation included called Pre-search Data Con¬ 
ditioning (PDC) flux. The SAP photometry contains dis¬ 
continuities, outliers, systematic trends and other instru¬ 
mental signatures. The PDC tries to remove these errors 
while preserving astrophysically interesting signals by using 
a subset of highly correlated and quiet stars to generate a 
cotrending basis vector set. The PDC flux uses the best fit 
that simultaneously removes systematic effects while reduc¬ 
ing the signal distortion and noise inj ection. Details of how 
this is accomplished ar e described in IStumpe et alJ (l 2012 l l 
and ISmith et alJ (| 2012 l J. Because we are interested in low- 
frequency variations, we have used the PDC fluxes in this 
analysis. 

The Kepler SAP data contains drifts and jumps. There 
is a zero-point difference between data in different quarters 
and the instrumental drift varies from quarter to quarter. Al¬ 
though the PDC data are designed to remove these effects, 
it is possible that residual long-term instrumental effects are 
still present at a low level. To understand how correction of 
data may effect the low-frequency end of the periodogram, 
we performed a simple simulation where we applied our own 
correction to the SAP data of a few stars which appeared 
to be the least variable among 20000 Kepler stars. To cor¬ 
rect the SAP data we fitted and removed polynomials of low 
degree (typically degree 3 or 5) to individual quarters. The 
polynomials do not join smoothly between any two quar¬ 
ters, but we ignored these small jumps. To these data we 
added sinusoidal variations comprising of 100 frequencies 
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of equal amplitudes and random phases. These frequencies 
start at zero frequency and are equally spaced by 0.1 d _1 . 
The periodogram recovers all frequencies, including the low¬ 
est frequency of 0.1 d _1 . The same simulation using a sig¬ 
nal of 0.02d -1 recovers a lowest frequency of 0.08d _1 . From 
this simulation, we may deduce that frequencies higher than 
about 0.08 d _1 are not affected by the crude correction pro¬ 
cedure. The corrections used to obtain the PDC data are, 
of course, more sophisticated and we can safely assume that 
frequencies higher than 0.08 d _1 are easily recovered. 

The light curves from the extended Kepler K2 Cam¬ 
paign 0 mission were obtained from the raw pixel data files 
using a suitable aperture. Our own software, keplc, was 
used for this purpose. For fields where there were few or 
faint stars in close proximity to the target, we used the 
largest possible aperture in order to minimize the instru¬ 
mental light variation due to image motion. The telescope 
motion can be found by tracking the centroid of the star. 
There is a 4.08 d^ 1 * * * 5 periodic component in the image motion 
which is reflected in the light curve. We therefore removed 
this frequency and all its harmonics from the light curve so 
as to enhance the actual stellar signal. Long-term drifts and 
jumps were also removed. The periodogram of the processed 
light curve was then calculated. Due to image motion and 
long-term drifts, the periodogram noise level for the K2 data 
increases strongly towards zero frequency. As a result, it is 
generally not possible to detect low frequencies in the star 
unless these are of high amplitude. 


3 KEPLER LIGHT CURVES 

A list of known Am stars in the Kepler and K2 Cam¬ 
paign 0 fields is shown in TableQ] T he identifications ar e 
from the Kepler Input Catalogue (KIC. lBrown et ahl (1201 ll j I 
and from the K2 Ecliptic Plane Input Catalog (EPIC, 

https://archive.stsci.edu/k2/KSCI-19082-002.pdf). The Spectral classi¬ 
fication for Am stars in the Kepler field are mostly quite 
recent and detailed metal abundances are available for most 
of the stars. The Am nature of these stars is hardly in 
doubt. The spectral classification for Am stars in the K2 
fie ld are far less secure . All o f them are listed as Am stars 

bv lRenson fe Manfroidl (120091 '), but the original reference is 
often missing. In Table[T]we have referenced what we believe 
to be the original source, but sometimes the Am nature is 
not even mentioned. Part of the problem may be in the way 
the recognition of the Am class has evolved with time. 

Examination of the light curves shows that of the 29 
Am stars, there are 12 5 Set variables, 1 7 Dor variable 

and 2 detached eclipsing binaries. Most of the others have 

light curves similar to those generally attributed to rota¬ 
tional modulation caused by starspots. Periodograms of the 

5 Set Am stars in the Kepler field are shown in Fig.[T] Peri¬ 
odograms of the other stars in the Kepler field are shown in 

Fig-CH 

It is evident from Fig. [2] that highly significant, coher¬ 
ent, low-frequency variations and harmonics are present in 
all six non-5 Set stars. In KIC 383 6439 this can b e attributed 
to proximity effects in a binary. iLuvtenl (Il936l l found the 
star to be a spectroscopic binary with P or b = 1.54039 d, 
semi -amp li tude K = 88.7 ± 2.8 km s -1 and a circular or¬ 
bit. iBatten et alj (1 19781 1 further lists the mass function 



Figure 1. Periodograms of short-cadence light curves of Am stars 
in the Kepler field which are <5 Scuti variables. 

f(m) = 0.112 and ai = 1.88 x 10 6 km = 2.68 -Rq. Kepler 
observations confirm that this is an eclipsing binary with 
P = 1.540407 d in a detach ed Algol-type system with sin i = 
0.96 (iSlawson et al. I HU). The ratio of effective tempera¬ 
tures T2/T1 = 0.758 and the sum of radii Ri + R 2 = 0.35a 
where a is the semi-major axis. Slightly different results are 
given bv IPrsa et al.1 (1201 il l: sini = 0.95, T2/T1 = 0.48 and 
Ri + R 2 = 0.37a. It is possible that the Am classification is 
a result of a composite spectrum. 
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Table 1. List of Am stars in the Kepler field (top) and the K2 Campaign 0 field (bottom). The stars are identified by their KIC number 
and their EPIC number respectively while the second column is the HD number. The spectral classification is given in the third column. 


The apparent magnitude and the derived effective te mperature, are mostly from the KIC except where noted. The surface gravity, 
\ogg and projected rotation velocity, vsin i, are from lUvtterhoeven et ahl <1201 ll) except where noted. The variable star classification is 
estimated from the light curve and periodogram. The rotation period of t he star (P ro t in days) and th e rot ational light am plitude (A 

(200611. 4 - 
2015), 9 - 


in ppm) is estimate d fro m the periodog ram. References are a s follow s: 1 3 -jAmmons^et^al 

Ajtoci et alJ (l201 4 ) .5_-jEtertaud| j 1960h . 6_- ]Catanzaro et al. j2(31lj) , 7 - [Catanzaro^^igegil I 20l4), 8 - - 

Floauetl dl97d ). 10 - iFioqnetl (1 1 97ol ) . 11 - llHalbc dcl 1985), 12 - McCuskevI ll 19671 ) . 13 - iMcCuskevI 1 1953 ). 14 - [Renson""^Tlmi froidl (120091) . 


KIC/EPIC 

HD 

Sp. Type 

V 

TeS 

(K) 

logff 

(dex) 

v sin i 
(km s -1 ) 

Type 

Plot 

(d) 

A 

(ppm) 

3429637 

178875 

kF2hA9mF3 2 

7.71 

7100 6 

4.00 

50 

DSCT 



3836439 

178661 

kA2.5hF0mF0 1 

7.57 

7166 

3.90 


EA 



5219533 

226766 

kA2hA8mA8 2 

9.20 

7409 

3.90 

115 

DSCT 



7548479 

187547 

A4Vm 4 

8.40 

7500 4 

3.90 

10 

DSCT/ROT 

0.6530 

150 

8323104 

188911 

A2mF0 10 

9.66 

7587 

3.90 


ROT 

6.0447 

7 

8703413 

187254 

A2mF0 10 

8.71 

7960 7 

3.80 7 

15 7 

ROT 

6.5292 

215 

8881697 


A5m 5 

10.57 

7732 

3.90 


DSCT/ROT 

0.4319 

200 

9117875 

190165 

A2mF2 10 

7.51 

7460 7 

3.60 7 

00 

LO 

ROT 

1.4949 

42 

9204718 

176843 

A3mF0 10 

8.79 

7610 7 

3.80 7 

27 7 

DSCT/ROT 

8.7308 

90 

9272082 

179458 

A5m 9 

9.00 

8150 7 

3.90 7 

75 7 

ROT 

0.9703 

4 

9349245 

185658 

Am: 8 

8.15 

8300 s 

4.00 s 

00 

o 

00 

ROT 

0.9420 

7 

9764965 

181206 

Am: 8 

8.85 

7800 s 

3.88 s 

00 

00 

DSCT/ROT 

0.4872 

135 

11402951 

183489 

kF3hA9mF5 2 

8.13 

7150® 

3.50 

100 

DSCT 



11445913 

178327 

kA7hA9mF5 2 

8.49 

7200® 

3.50 

51 

DSCT 



12253106 

180347 

Am 8 

8.41 

7900 s 

3.85 s 

12 s 

ROT 

4.1043 

82 

202059291 

40788 

A2 12 , A2m 14 

9.04 

7576 3 



SB2 

2.984 

188 

202059336 

43509 

Am 8 

8.90 

7900 s 

3.97 s 

to 

00 

00 




202061329 

250408 

A2 12 , A2m 14 

10.36 

8329 s 






202061333 

250786 

A7 12 , A5m 14 

10.40 

7431 3 



DSCT 



202061336 

251071 

FOV 12 , A3m 14 

10.34 

7316 3 






202061338 

251150 

A2 12 , A0m 14 

10.57 

7959 3 



DSCT 



202061349 

251947 

A3p: 12 , A2m 14 

10.95 

6561 3 






202061353 

252154 

F2V 12 , A5m 14 

9.85 

6925 3 



DSCT 



202061363 


AOm.. 13 

11.00 

4569 3 






202062436 


A2-F0 12 

11.64 

6500 



DSCT 



202062447 

251717 

A3-F2 12 

11.20 

7396 s 



GDOR 



202062450 

256320B 

kA5hA8mF5 14 

10.80 







202062454 

251812 

A5-F2: 12 

11.61 

6750 3 






202062455 

251463 

A5-F2 12 

10.70 

6220 3 







In the other stars, the low-frequency variations are un¬ 
likely to be due to proximity effects in a binary because 
the amplitudes often vary and the periodogram lines at¬ 
tributed to rotation are broadened in some stars. This is 
to be expected in a rotational variable because spots change 
in size and intensity with time. Differential r otation, whic h 
appears to be a general feature in A stars (IBalonal 120131) . 
will also cause such broadening. As an example of rota¬ 
tional modulation, Fig. [3] shows part of the long-cadence 
PDC light curve of KIC 8323104. Quasi-regular light vari¬ 
ability is present with a peak-to-peak amplitude of about 
40 ppm and a timescale of around 6d. This cannot be a 
result of proximity effects in a binary because of the irreg¬ 
ularity of the variations. The most plausible explanation is 
that it is a result of rotational modulation due to stellar 
activity. 


The second-last column of TableQ] shows the rotation 
period estimated from the periodogram. In the case of S Set 
stars there are often many other low-frequency peaks which 
are always present in any S Set star. In this case we identi¬ 
fied the rotation peak because of its relatively high ampli¬ 


tude and the presence of an harmonic (IBalonal 120131 ). The 
presumed rotation period decreases with v sin i, as might be 
expected. 


KIC 8 70341 3 was first reported as an Am star by 
iMendozal (tl974l) a nd subsequently classified as kA2mF0 
by Floquetj (f19751). The star was confirmed as Am by 
ICatanzaro fe Ripepil (120141 ). As can be seen in Fig. [I] the 
Kepler light curve shows distin ct beating and traveling 
wave charact eristic of star spots dUvtterhoeven et al.l 1201 ll : 
Balona 2013). The periodogram shown in the middle panel 
has a main peak at /i = 0.1532 d _1 and its harmonics. 
In addition, there is another peak fi = 0.1404 d^ 1 which 
looks to be a bit broader. It is not clear how this pattern 
may be interpreted, but it seems reasonable to suppose that 
either f\ or could be the rotation frequency. Perhaps 
both frequencies could be ascribed to starspots if the star 
is in differential rotation. No other frequencies are present. 
The projected rotational velocity, vsini = 15 ± 2kms~ 1 , 
is compatible with the rotation frequency, giving a radius 
R sin i r a 1.96 Rp,. There are seve n radial velocities in the lit¬ 
erature dFehrenbach et al.lll997l ). which is not enough for an 
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Figure 2. Periodograms of long-cadence light curves of Am stars 
in the Kepler field which are not <5 Set variables. 



Figure 3. Portion of the corrected Kepler light curve of 
KIC 8323104 showing regular variations. 



Frequency (d _1 ) 



Time (hr) 


Figure 4. Top panel: part of the Kepler long-cadence light curve 
of KIC 8703413 showing traveling features typical of starspots. 
Middle pane: periodogram of all LC data. Bottom panel: pre¬ 
sumed flare at JD 2455164.88 seen in SC data. 


analysis. The velocity range is quite large and it is possible 
that the star may be a binary. 

KIC 8703413 is a flare star (jBalonal |2012| ) as can be 
seen in the bottom panel of Fig. [4] The flare intensity is 
about 0.7 ppt. The A star has a luminosity of about 100 
times larger than a K dwarf, which means that if the flare 
is attributed to an unseen K dwarf companion, its rela¬ 
tive intensity would have to be about 70ppt. The mean 
flare intensities in Kep ler field K-dwarfs are about 3.3 ppt 
(IWalkowicz et al.1120111 ), which means that this particular 
flare would have to be of unusual intensity. In general, flares 
in A stars cannot be attributed to a cool companion since 
the average flare intensity is about two orders of magnitude 
larger than that in a ty pical K or M dwa rf. _ 

For KIC 3429637, ICatanzaro et alJ (l201lh obtained 
T e fj = 7300 ± 200 K, log g = 3.16 ± 0.25 and usin i = 50.± 
5kms _1 , values later confirmed bv iMurphv et ail (2012!). 
The remarkable amplitude increase i n the S Set pu l sation s 
of this star has been discussed by IMurphv et al.l d2012l) . 
Since that time, additional Kepler data show a more com¬ 
plex amplitude variation for the frequencies of largest am¬ 
plitude (Fig. [5] top panel). While /i = 10.337d~ 1 and 
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Figure 5. Top panel: amplitude variation of the three highest 
amplitude pulsation modes in KIC 3429637 from Kepler photom¬ 
etry. The next panels from the top shows the phase variation of fi 
and / 2 . In the bottom panel the time delay variation, r, derived 
from /i and /2 are phased with the orbital period of 704.7 d. The 
solid line is from the orbital solution. The time of phase zero is 
JD 2454950.0. 


/3 = 10.936 d ” 1 show steady amplitude changes, the steady 
amplitude increase for /2 = 12.472 d ” 1 reverses and de¬ 
creases sharply around JD 2455950. The latest observations 
indicate that the amplitude of p 2 is, once again, increasing. 
The timescale seems to be too short for an evol utionary ex¬ 
planation, as suggested bv I Murphy et all (l2012l l. 

KIC 5219533 has a very rich 5 Set frequency spectrum, 
including a large number of modes in the 7 Dor range. 
The projected rotational velocity is vsini = 115kms” 1 . 
The principal peak at /1 = 10.2853 d ” 1 is clearly variable 
in frequency. The phase, cj), varies smoothly in the range 
2.0 < cf) < 4.0 radians over 400 d which corresponds to ap¬ 
proximately 0.0008 d” 1 . 

A recent abundance analysis of KIC 9117875 by 
ICatanzaro fe Ripepil (120141) indicates T e g = 7400 ± 150 K, 
log <; = 3.6 ± 0.1 dex, and vsin i = 58 ± 6 kms _1 . Both Ca 
and Sc show underabundances of about 1 dex, while the 
heavy elements are all overabundant: 0.5 dex for iron-peak 
elements and about 2 dex for Ba. The Am nature of this star 
is thus confirmed. The Kepler light curve shows beating and 
low frequencie s resembling a 7 Dor star and it was classi¬ 
fied as such bv lUvtterhoeven et alj (1201 ill . However, a more 
detailed examination of the periodogram shows a broad fea¬ 
ture at about /1 = 0.672 d ” 1 with a very sharp neighbouring 
peak at /2 = 0.7157 d” 1 . Several harmonics of /2 are visible, 
which is quite unlike the structure found in typical 7 Dor 
stars. In fact, this mysterious structure is found in a consid ¬ 
erable f r action of A stars, but is unexplained (lBalonall2013l l. 
iBalonal (l2014d l suggests that the sharp feature might be ex¬ 
plained by a synchronously orbiting planet, not necessarily 
transiting. Assuming that fi is the rotation frequency and 
using the above projected rotational velocity leads to a ra¬ 
dius Rsini « 1.69-Rq, which is reasonable for an A star. 

There is a further mystery regarding this star in that 
it appears to flare. In Fig. [7] we show examples of possible 
flares in this star in the Kepler LC data. It should be noted 
that LC data is not ideal to detect flares since the exposure 
time of 30 min is a considerable fraction of the duration of 
the flare. Short-cadence data are available for this star, but 
only for about 10 d during Q0. 

KIC 9204718 was co nfirmed as an Am star by 
ICatanzaro fe Ripepil (|2014l ) who find T e ff = 7600 ± 150 K, 
log<? = 3.8 ± 0.1 dex and vsini = 27 ± 3kms _1 . There 
are clearly several low-frequency peaks in the periodogram, 
as shown in Fig. [ 8 ] The largest peak is at 0.1145 d ” 1 and 
its harmonic. These peaks are both rather broad suggest¬ 
ing amplitude or frequency modulation; in fact, the light 
variation with this frequency is clearly visible in the light 
curve (Fig. [5}. This variation is suggestive of a starspot, in 
which case 0.1145 d ” 1 would be the rotation frequency. This 
is reasonable since we measured v sin i = 27 ± 3 kms” 1 . 

Even more interesting is the presence of several har¬ 
monics of 0.5474 d” 1 . If we remove the 0.1145 d ” 1 and the 
S Set frequencies from the data, what is left is the 0.5474 d ” 1 
variation and its harmonics. By binning the light curve and 
averaging the data in each bin, we obtained the phased light 
curve shown in the bottom panel of Fig. [5] There is no sim¬ 
ple explanation for this variation. It cannot be the rotational 
frequency, since this has already been identified. The light 
curve resembles that of a contact binary, but if so it im¬ 
plies that the rotational period is not synchronized with the 
orbital period. 
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Figure 6. Top panel: part of the Kepler long-cadence light curve 
of KIC 9117875. The middle panel is the periodogram showing the 
broad feature, fi and the sharp peak f 2 and its many harmonics. 
The bottom panel shows the light curve when all frequencies ex¬ 
cept for /2 and its harmonics have been removed. The data points 
have been averaged for clarity. 

There is a gr eat deal of unc ertainty regarding the nature 
of KIC 9272082. iMacrad (119521 ') noted its possible pe culiar 
spectrum, but did not give any detai l s. IBerta ud ( 1960T ) gives 
a classification of A5m, but iFloauetl rtl97(t classified it as a 
normal A7 star. Th e star is included as an Am star in the 
iRenson fe Manfroidl (12009T ) catalogue. ICatanzaro fe Ripepil 
( 20141'! found it to be an A4 main sequence star with T e g = 
8500±200 K, log g = 3.9±0.1 dex and v sini = 75±7kms _1 . 
Most of the elements in this star are somewhat overabundant 
by about 0.5-1.8 dex. However, Si, Cr, Ni, and Ba have 
normal abundances. Although the abundance pattern is not 
typical, it does not conform to that expected for Am stars. 

The light curve (top panel of Fig.[9]) shows distinct 
variations which are confirmed by the periodogram (middle 



Time (hrs) 

Figure 7. Possible flares in LC data of KIC 9117875. The labels 
give the JD of peak flare intensity relative to JD 2450000.00. 

panel). There is a constant frequency /i = 1.03058d^ 1 and 
its harmonic, suggestive of rotational modulation. The cor¬ 
rected LC data phased with this frequency shows a roughly 
sinusoidal variation (Fig.[9jl, which we assume to be rota¬ 
tional modulation. 


4 BINARY MOTION FROM TIME DELAY 

It is generally thought that most A m stars ar e binaries with 
orbital periods in the range 1 10 d (Abtlll967l ). It is of inter¬ 
est to determine whether any of the stars in our sample are 
spectroscopic binaries. A pulsating star in a binary system 
acts as a clock. If the star is a member of a binary sys¬ 
tem, its distance will vary as it orbits the barycentre. The 
changing distance leads to a var iable phase of pulsation. The 
method has been discussed by IShibahashi fc Kurt d (2012(1 
using data transform e d to t he frequency domain. More re¬ 
cently, iMurphv et al.l (20141 ') has used the more direct anal¬ 
ysis of phase variation. Application to <5 Set stars is diffi¬ 
cult because of the many close frequencies which distort the 
phase variation. By direct minimization of the photometric 
error, it is possible to construct a diagram similar to the pe¬ 
riodogram where the orbital semi-major axis is shown as a 
function of the orbital period (the binarogram). This tech¬ 
nique all ows re latively quick detection of binary candidates 
(Balonall2014al ’l. 

KIC 3429637 has been discussed above in the context of 
its 8 Set pulsations. Fig. [5] also shows the phase variations 
of /i and / 2 . We used a window with semi-width of 20 d 
and a sampling interval of 20 d. The dominant frequency, 
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Figure 8. Top panel: periodogram of KIC 9204718 showing sev¬ 
eral low frequencies. Middle panel: part of the light curve showing 
the dominant 0.1145d —1 frequency. Bottom panel: phased and 
averaged light curve showing the 0.5474 <1 —1 light variation. 

/i, shows a clear periodic variation with P = 704.7 d. There 
is a rather sudden change in phase of J '2 (corresponding to a 
change in frequency) at a time soon after the sharp decrease 
in amplitude shown in the top panel. Close inspection reveals 
that the 704.7-d period is also present in the phase variation 
of f 2 . Short-cadence observations are available for this star, 
so there is no ambiguity regarding the frequencies. 

We applied the time-delay algorithm described above to 
both /1 and jz- Because there is a strong sudden decrease 
of amplitude and frequency around JD 2455950, we decided 
to use only the data up to this date. There is still a long¬ 
term trend which was removed by fitting a Fourier series 
combined with a polynomial of third degree. The derived 
time delay variation for /1 and /2 are in good agreement 
and both are shown in the bottom panel of Fig. [5] phased 
with the orbital period. By fitting the time delay variation 


Figure 9. Top panel: portion of the corrected Kepler light curve 
of KIC 9272082. The light curve has been smoothed by a Gaus¬ 
sian filter with FWHM = 0.5 d for better visibility. Middle panel: 
periodogram of the LC data. Bottom panel: binned light curve 
phased with frequency /1 = 1.03058 d —1 . 


we obtain the orbital solution shown in Tableland shown 
in the bottom panel of Fig. [5] 

For KIC 11445913 short cadence observations show that 
the dominant peaks are at /1 = 31.5578, /2 = 25.3771, fz = 
22.1330 and /4 = 37.8204 d -1 . As usual there are quite a 
number of low-frequency peaks, but none that could be iden- 
tified as due to stars pots. The value usin i = 51 ± lkms -1 
dBalona et al.lfioilcl '). Time delay analysis of / 1 , f 2 and /3 
shows that they have the same phase variation, but the pe¬ 
riod, if it exists, is considerably longer than the almost 4yr 
duration of the Kepler data. Fig. 1101 shows the resulting ra¬ 
dial velocities derived from the first derivative of the time 
delay variation. This star might be a binary with a period 
of around 10 yr or longer. 
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Table 2. Binary elements of KIC 3429637 from the time delay 
of the Kepler light curve. The orbital period P or b, half-range of 
primary radial velocity variation K i, eccentricity e, longitude of 
periastron ui, JD of periastron T per , projected semi-major axis of 
the primary a i sin i, and mass function /(M). 


Parameter 

Value 

Units 

-^orb 

704.7 ±4.4 

days 

K x 

1.79 ±0.08 

km s —1 

e 

0.61 ± 0.04 


lj 

3.05 ± 0.02 

radians 

T peI 

2455204.6 ± 3.6 


a\ sin i 

0.100 ±0.005 

AU 

f{M) 

(2.69 ±0.03) x 10" 4 

Mq 



Figure 10. Radial velocity curves derived from frequencies /i, 
/2 and fs in KIC 11445913. 


5 K2 LIGHT CURVES 

Owing to the failure of two of the four reaction wheels, the 
Kepler spacecraft has lost its pointing ability. The telescope 
drift is corrected at regular intervals, with the result that 
there is substantial image drift and a large increase in pho¬ 
tometric error from about 20 ppm for the original Kepler 
field to about 300 ppm for the K2 field. Here we present 
results for Am stars observed in the first K2 scientific mis¬ 
sion, Campaign 0. The observations occur over a timespan 
of about 77 d, but with a large gap of 26.5 d. The total on- 
target time is about 47 d. This rather short time and the 
much increased scatter severely compromises detection of 
significant frequencies less than about 3d -1 . 

Many of these stars were observed by the STEREO 
spacecraft. No significant variability could be found 
for EPIC 202059291, 202059336, 202061329, 202061333, 
202061336, 202061338 and 20206 1363 from STEREO ob¬ 
servations IPaunzen et alj (120131 1. The remarkably low 
effective temp erature for EPIC 202061363 reported in 
lAmmons et al.l J2006i l is confirmed by our own analysis of 
available multicolour photometry. STEREO observations of 
EPIC 202061349 also do not show any significant variability 
dWraight et al.|[2012l l . Of these stars, we detected variability 
in EPIC 202059291, 202061333 and EPIC 202061338 (see be¬ 
low). Some of the stars are 5 Set variables. The periodograms 
of the S Set stars are shown in Fig. 1111 The effective tem- 



0 5 10 15 20 

Frequency (d _1 ) 

Figure 11. Periodograms of Am S Set stars observed in the K2 
Campaign 0. 


perature of EPIC 202062436 was obtained through our own 
analysis of the multicolour photometry. 

EPIC 202061353 is a known 5 Set star from SuperWasp 
photometry (jSmallev et al.ll201U . This is confirmed by the 
K2 data IFig. lllll . The main feature is a triplet of low- 
frequency peaks at 1.452, 0.980 and 2.000 d _1 which are not 
quite equally spaced. 

The periodogram of EPIC 202059291 shows only two 
significant peaks. Considering the very low amplitude, the 
variability is best understood as rotational modulation with 
period P = 2.984 d, but it could also be interpreted as a 
contact binary. One of us (GC) obtained a single spectrum 
of this star which appears to be a double-lined spectroscopic 
binary. It can probably be ruled out as an Am star. The 
periodogram and phased light curve is shown in Fig. 1121 

The light curve of EPIC 2020 62447 (Fig . [T3l) show s that 
it is a 7 Dor of the ASYM type dBalona et al.ll2011bl l. The 
periodogram shows dominant periods of 0.912 d and 0.773 d. 

The field of EPIC 202062450 contains two stars of al¬ 
most equal brightness separated by 5 arcsec. The brighter 
star, FI Ori, is a detached ecli psing binary wit h P = 4.4478 d 
and spectral type K0III/IV jHalbedell ll985l l. The eclipses 
are very easily seen in the K2 combined light of the two 
stars. The fai nter star , HD 256320 B has a spectral type 
kA5hA8mF5 (lHalbedell 1 1985l l . We constructed an aperture 
which only included this star, but could not find any ev¬ 
idence of periodic variation with an amplitude exceeding 
5ppt. 
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Figure 12. Top panel: periodogram of EPIC 202059291. Light 
curve phased with period P = 2.984 d. 



Figure 13. Top panel: light curve of EPIC 202062447 showing 
typical asymmetric light curve of a 7 Dor star of type ASYM. 
The bottom panel shows the periodogram. 


6 DISCUSSION AND CONCLUSION 

It is evident from Table |T] that most Am stars in the Kepler 
field exhibit rotational modulation. An idea of the spot size 
may be gained from the light amplitude of the modulation 
shown in TablcQ] There are only 10 Am stars in the Kepler 
field known to be rotational variables and the amplitude 
range is large. The mean amplitude is 93±2 5 ppm. The me an 
rotational amplitude from 875 A stars in iBalonal (120131 1 is 
541 ± 86 ppm. This seems to suggest that, in general, spots 
on Am stars are smaller than on normal A stars, but it is 
not possible to draw a definite conclusion owing to the small 
sample. 

One or more flares appear to be seen in two confirmed 
Am stars, KIC 8703413 and KIC 9117875. The relatively 
large flare intensities imply that if the origin of the flare 
is a cool companion, the flare must be about two orders of 
magnitude more intense than on an isolated cool star owing 
to the much larger luminosity of the Am star. While this 
is not impossible, it seems very improbable. It is clear from 
a study of a much larger number of A stars t hat the flares 
cann ot all be attributed to a cool companion (lBalonall2012l . 
l2013h . 

The presence of starspots and flares on Am stars sug¬ 
gests that Am stars may have significant magnetic fields 
similar in strength to normal A stars. The magnetic fields 
in both Am and normal A stars are sufficiently intense to 
form starspots and flares. Hence the idea that the superfi¬ 
cial metal enrichment in Am stars is a result of the effects of 
diffusion and gravitational settling in the absence of a mag¬ 
netic field may need to be revised. Furthermore, the relative 
number of pulsating Am stars is similar to the relative num¬ 
ber of 5 Set stars among the A star population. Am stars 
which are 5 Set variables occupy t he same region of th e in¬ 
stability strip as normal 5 Set stars (ISmalley et al.|[201lh . All 
these observations are contrary to the view that Am stars 
are formed by diffusion of elements in the absence of a mag¬ 
netic field and that 8 Set pulsation in Am stars only occurs 
near the red edge of the instability strip. Given these facts, 
one has to conclude either that the diffusion model for Am 
stars needs to be revised or that it is incorrect. 

Thermohaline convection takes place when a layer of 
enhanced metal abundance is formed above layers of lighter 
mean molecular weight. This happens in t he case of accre - 
tion of predominantly metal-rich material d Vauclaiil 120041 ') . 
and also when such a layer is formed due to atomic diffu- 
sion. This importan t effect has only recently been studied. 
iTheado et al.l (120091 ) finds that accumulation of heavy ele¬ 
ments due to atomic diffusion is attenuated when thermo¬ 
haline mixing is taken into account, though not completely 
suppressed. The inclusion of the thermohaline instability in 
A-star models needs to be more fully investigated to see 
whether this can reconcile the diffusion model of Am stars 
with observations. 

The presence of pulsations in Am stars is only one symp¬ 
tom of a more general problem which has been encountered 
since the advent of Kepler photometry. For example, it is not 
understood why less than half of stars in the 5 Set instabil¬ 
ity strip pulsate dBalona fe DziembowskilteOllh , or why low- 
frequency pulsa tions are a general feature of all 5 Set stars 
(IBalonal 2014bl ~). Further exploration of pulsational driving 
needs to be undertaken. For example, coherent pulsations 
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may be dr iven by turbu lent pressure in the hydrogen ioniza¬ 
tion zone dAntocill2014l '). 

It is well established that stars hosting planets are metal 
rich, but the reason for such metal enhancement is still a sub¬ 
ject for debate. The enhancement may be primordial, the re¬ 
sult of accretion or both. The argument against an accretion 
origin is related to the mass of the outer convective zones, 
which varies by more than one order of magnitude among 
the considered stars, while the observed ov er-abundances of 
metals are about the same. IVauclairl (l2004fl found that ther¬ 
mohaline convection mixes the accreted matter and leaves 
only a very small /r-gradient at the end of the mixing process. 
The remaining p gradient is to o small to account fo r the o b- 
served overmetallicity (see also lTheado & Vauclaiil d2012| jf . 
It should be noted, however, that all these calculations are 
confined to solar-type stars. The effect of thermohaline con¬ 
vection on intermediate mass A stars has not yet been de¬ 
termined. 

Considering the problems encountered by standard dif¬ 
fusion theory in explaining the properties of Am stars, it 
may be appropriate to again consider the possibility that the 
Am phenomenon ma y be a combinat i on of diffusion with ac¬ 
cretion. For example. iBohm-Vitensd d200dl has argued that 
accretion of interstellar material by A stars with tangled 
magnetic fields, which are weaker than those in peculiar 
A (Ap) stars, has the best chance of explaining the main 
characteristics of the peculiar heavy-element abundances in 
Am star photospheres. Another look at accretion of close-in 
planets should also be made. We know, for example, that 
accretion of comet-sized bodies is very likely occurring in 
the A6V star S3 Pic which is surrounded by a debris disk 
dBeust et al.lll996h . There is no reason to suppose that this 
star is unique and w e can expect infalling mat erial, even of 
planets, to occur. As IPinsonneault et al.1 ([200il l has pointed 
out, the mass of the outer convective zone decreases rapidly 
for hot stars, being very thin in A stars. Therefore one may 
expect infalling material, mixed only in the thin outer con¬ 
vective zone, to have a substantial effect on the observed 
metallicity. For example, the mass above the base of the 
He II convective zone in a typical mid-A star is less than the 
mass of the Earth. Since the original fraction of metals in the 
star is only about 2 percent of the mass of the zone, even a 
body much smaller than the Earth could increase the appar¬ 
ent metal abundance by a factor of two or more. It would be 
surprising if no such impacts ever occurred. Therefore one 
should not be surprised by the peculiar metal abundances 
in some A stars. 

The chemically peculiar A Boo stars have an unusu¬ 
ally low superficial abundance of iron peak elements. It is 
thought that this may be a result of accretion of interstel¬ 
lar ma terial as the star t ravels through a diffuse interstellar 
cloud (iKanm et al.ll2008l '). However, the abundance pattern 
in A Boo stars is very different from Am stars. This may re¬ 
flect differences in abundance between the metal-poor inter¬ 
stellar medium and the metal-rich composition of infalling 
small planetary bodies. 
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